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Summary
OBJECTIVE: The number of suicides assisted by right-to-
die associations has increased in recent years in Switzer-
land. The aim of our study was to compare time trends in
rates of assisted and unassisted suicide from 1991–2008.
METHODS: The Swiss National Cohort is a longitudinal
study of mortality in the Swiss population; based on link-
age of census data with mortality records up to 2008. The
Federal Statistical Office coded suspected assisted suicides
from 1998 onwards; and from 2003 onwards right-to-die
associations reported the suicides they assisted. We used
Poisson regression to analyse trends in rates of suicide per
100'000 person-years, by gender and age groups (15–34,
35–64, 65–94 years).
RESULTS: A total of 7'940'297 individuals and 24'842 sui-
cides were included. In women, rates changed little in the
younger age groups but increased in 65–94-year-olds, due
to an increase in suicide by poisoning (from 5.1 to 17.2
per 100'000; p <0.001). An increase in suicides by pois-
oning was also observed in older men (from 8.6 to 18.2;
p<0.001). Most suicides by poisoning were assisted. In
men, suicide rates declined in all age groups, driven by de-
clines in suicide with firearms.
CONCLUSIONS: Research is needed to gain a better un-
derstanding of the reasons for the tripling of assisted sui-
cide rates in older women, and the doubling of rates in
older men, of attitudes and vulnerabilities of those choos-
ing assisted suicide, and of access to palliative care. Rates
of assisted suicide should be monitored; including data on
patient characteristics and underlying comorbidities.
Key words: rates of suicide; assisted suicide; unassisted
suicide; methods of suicide; poisoning; population-based
cohort study; time trends; gender differences; Switzerland
Introduction
In Switzerland suicide is an important public health issue:
over 1'300 out of about 60'000 deaths each year are by
suicide [1, 2]. With an age-standardised rate of 9.2 per
100'000 in 2012, suicide is more common in Switzerland
than in other European countries, for example Italy (5.0
per 100'000) or the United Kingdom (6.2 per 100'000) [3].
About two-thirds of suicides are in men who frequently
use violent methods such as firearms and hanging, whereas
poisoning is more common in women [4].
Euthanasia is prohibited in Switzerland but assistance in
suicide is legal if no selfish interests are involved [5]. The
number of suicides assisted by right-to-die associations has
increased substantially in recent years [6–8]. For example,
in 2014 the organization Exit assisted 583 suicides in the
German-speaking part of Switzerland, 124 more than in
2013 [9].
There is no legal obligation to report assisted suicides to the
Federal Office of Statistics, and previous analyses of trends
in suicide mortality in Switzerland could therefore not dis-
tinguish between assisted and unassisted suicides [2, 10].
In 1998 the Federal Office of Statistics introduced specif-
ic codes for deaths suspected to be assisted suicides [11].
More recently, within the framework of a research pro-
ject of the Swiss National Cohort [6], the three right-to-
die organizations assisting Swiss residents in suicide, re-
ported the suicides they assisted between 2003 to 2008 to
the Federal Office: Exit Deutsche Schweiz, Exit Suisse Ro-
mande and Dignitas.
We analysed these data to study trends in assisted and un-
assisted suicides completed by different methods.
Methods
The Swiss National Cohort
Described in detail elsewhere [12, 13], the Swiss National
Cohort (SNC) is a longitudinal study of mortality in
Switzerland based on linkage of census and mortality re-
cords. The records of the 1990 and 2000 censuses were
linked to a death or emigration record up to 2008 using de-
terministic and probabilistic linkage procedures, based on
gender, date of birth, place of residence and other variables.
The SNC was approved by the Cantonal Ethics Commit-
tees of Bern and Zurich, with approval covering the present
study.
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Ascertainment of assisted and unassisted suicides
Suicides were identified from the causes of death recorded
on the death certificate. From 1991 to 1994 deaths were
coded according to the International Classification of
Diseases, Eighth Revision (ICD-8). We used codes E950 to
E958, which denote deaths by intentional self-harm. Since
1995 deaths have been coded on the basis of the Tenth Re-
vision (ICD-10) and we used codes X60.0 to X84.0. We
created six categories for the most common methods of sui-
cide: (i) poisoning (ICD-8 E950-952 or ICD-10 X60-X69);
(ii) hanging (ICD-8: E953 or ICD-10: X70, including stran-
gulation and suffocation); (iii) firearms (ICD-8 955 or
ICD-10 X72-X74, including all suicides by discharge of
handguns, shotguns, larger or unspecified firearms); (iv)
jumping from a high place (ICD-8 957 or ICD-10 X80);
(v) suicide by train (ICD-8 E958.00, ICD-10 X81, includ-
ing jumping or lying before moving object) and (vi) other
means of suicide.
From 1998 onwards the Federal Statistical Office coded
deaths from suspected assisted suicide using code 61.8 if
assisted suicide or a right-to-die organisation was men-
tioned on the death certificate. Code 61.9 was used if pois-
oning with pentobarbital sodium was recorded as the cause
of death; this is the drug used by the right-to-die organ-
isations. We analysed suicides coded as 61.8 or 61.9 from
1998 onwards. For the time period 2003 to 2008 the three
right-to-die associations Exit Deutsche Schweiz, Exit
Suisse Romande and Dignitas reported all their assisted
suicides to the Federal Statistical Office, within the frame-
work of a research project funded by the Swiss National
Science Foundation [6]. For this period we also analysed
the assisted suicides reported by these organisations.
Statistical analysis
We calculated rates of assisted and unassisted suicides, and
of unassisted suicides completed by different methods, by
dividing the number of suicides by the number of person-
years at risk. We stratified analyses by gender and three
age groups (15–34 years, 35–64 years and 65–94 years).
For each method of suicide we calculated rates per 100'000
person-years by gender, the three age groups and six cal-
endar periods (1991–93, 1994–96, 1997–99, 2000–02,
2003–05, 2006–08). We used Poisson regression with cal-
endar year as the independent variable to calculate rate ra-
tios per year with 95% confidence intervals (CIs) and p-
Figure 1
Time-trends of suicide rates in Switzerland by age group and sex,
1991–2008. In men there was a decline in all age groups (all p
<0.001); in women there was no change over time in the youngest
age group (p = 0.40); a slight decline in the age group 35–64 years
and an increase in the oldest age group (both p <0.001).
values. Statistical analyses were done in Stata version 12
(Stata Corporation, College Station, TX, USA). Results are
given as rates per 100'000 population and rate ratios per
year (relative annual change in rate), with 95% CIs.
Results
Study population
The SNC included 8'527'786 individuals (4'215'516 men
and 4'312'270 women) who contributed follow-up time in
the period 1991 to 2008. A total of 3'915'541 men and
4'024'756 women were 15 to 94 years old and included
in the present analysis. Table 1 shows the number of men
and women and person-years at risk in the different age
groups, and the number of suicides completed by different
methods. Analyses were based on a total of 24'842 suicides
and over 100 million person-years of follow-up. Overall,
17'426 (71.3%) suicides were by men. In men, firearms sui-
cide was the most important method in all age groups, fol-
lowed by hanging in age groups 15–34 years and 35-64
years, and poisoning in age group 65–94 years. In women
hanging and jumping were the most important methods
in age group 15–34 years, whereas poisoning followed by
hanging or jumping dominated the two older groups.
During 1998 to 2008 a total of 2'211 suicides were clas-
sified as suspected assisted suicides (based on codes 61.8
or 61.9 on the death certificate). Furthermore, 1'275 as-
sisted suicides were reported by the right-to-die organisa-
tions from 2003–2008. Of the 1'275 suicides assisted by the
right-to-die organisations, 1'190 (93.3%) had been coded
as suspected suicides (937 with code 61.8, 253 with 61.9).
There were an additional 47 deaths with assisted suicide or
Figure 2
Time-trends of suicide rates by method in men; Switzerland
1991–2008.
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a right-to-die organisation mentioned on the death certific-
ate (code 61.8) and an additional 255 deaths with pentobar-
bital sodium as the cause of death (code 61.9).
Figure 3
Time-trends of suicide rates by method in women; Switzerland
1991–2008.
Trends in suicide rates over time
Figure 1 shows trends in suicide rates over calendar periods
in men and women for all methods combined. In men rates
declined in all age groups: from 29.2 in 1991–1993 to 17.9
during 2006–2008 (p <0.001) in age group 15–34 years,
from 38.2 to 28.2 in age group 35‒64 years (p <0.001), and
from 63.3 to 55.1 in age group 65‒94 years (p = 0.001). In
women no decline was observed in age group 15–34 years,
with a rate per 100'000 of 7.4 during 1991–1993 and 7.7
in 2006–2008 (p = 0.40). A slight decline was noted in age
group 35‒64 years (from 15.1 in 1991–1993 to 12.2 during
2006–2008, p <0.001) whereas an increase was noted in the
oldest age group (from 20.5 in 1991–1993 to 26.7 during
2006–2008, p <0.001). For all age groups combined, rates
declined in men from 38.3 in 1991–1993 to 29.9 during
2006–2008 (p <0.001), but increased in women from 13.6
in 1991–1993 to 14.3 2006–2008 (p <0.001).
Trends in suicide rates by method
Trends in suicide rates 1991–2008 are shown in figure 2 for
men and in figure 3 for women. Table 2 shows rates of sui-
cide for the periods 1991–1993 and 2006–2008, the relative
annual change and the p-value for time trend from Poisson
regression.
The most important changes in incidence were observed
for suicide by poisoning in the oldest age group: in men
rates more than doubled (from 8.6 in 1991–1993 to 18.2
per 100'000 in 2006–2008) and in women they more than
tripled (from 5.1 to 17.2 per 100'000). The rate of suspected
assisted suicides increased from 2.37 per 100'000 in
1998–1999 to 14.98 per 100'000 in 2006–2008. In men 611
suicides were suspected assisted suicides, corresponding to
76.4% of all 800 suicides by poisoning recorded in men
Table 1: Study population; person-years at risk and number of suicides by different methods by age and gender; Switzerland 1991–2008.
Age at baseline (years)
14‒34 35‒64 65‒94
Study population
Men 2'080'828 1'431'308 403'405
Women 1'985'773 1'423'513 615'470
Person-years at risk
Men 17'031'381 26'266'425 8'101'880
Women 16'221'880 26'054'470 11'725'183
Number of suicides
Men
Poisoning* 451 1'283 1'069
Firearms 1'600 2'875 1'458
Hanging 967 2'521 1'161
Jumping 437 629 461
Train 383 543 183
Other method 236 742 427
Any method 4'074 8'593 4'759
Women
Poisoning† 283 1'144 1'257
Firearms 82 186 32
Hanging 268 708 355
Jumping 210 518 419
Train 203 400 100
Other method 117 619 515
Any method 1'163 3'575 2'678
* Including 552 suicides reported by right-to-die organisations (2003–2008) and additional 446 suspected assisted suicides (codes, 1998–2008)
† Including 723 suicides reported by right-to-die organisations (2003–2008) and additional 575 suspected assisted suicides (codes, 1998–2008)
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1998 to 2008. In women the corresponding figures were
792 of 979 suicides by poisoning (80.9%). Similarly, in
men 418 suicides were reported from 2003 to 2008 by the
right-to-die associations, corresponding to 79.3% of all 527
suicides by poisoning recorded in these years. In women
the corresponding figures were 547 of 669 suicides by pois-
oning (81.8%). There were no substantial changes in rates
of suicide by poisoning in the other age groups except for
a decline in men aged 14–34 years (from 4.3 to 1.6 per
100'000).
Other notable trends over time related to suicide by fire-
arms, with reductions in both genders and all age groups.
There were also reductions in suicides by hanging, jump-
ing, train and other means. In both men and women the
reductions in the incidence of these suicides was more
pronounced in the oldest age group, both in relative and ab-
solute terms (table 2).
Discussion
We analysed trends in suicides completed using different
methods in Switzerland during the 18-year period from
1991 to 2008. Thanks to dedicated codes used at the Feder-
al Statistical Office for suspected assisted suicides and data
provided by three right-to-die organisations, we were able
to distinguish between assisted and unassisted suicides by
poisoning. We found that in men suicide rates declined
in all age groups, but declines were more pronounced in
younger men. The trends in men were driven by declining
rates of suicide by firearms, and in the oldest age group
by an increase in suicide by poisoning. In women rates
changed little over time in the younger age groups but in-
creased substantially in older women, owing to an increase
in suicides by poisoning. Overall, the rate of suicide in-
creased in women whereas it declined in men. Of note, in
the oldest age group about 80% of suicides by poisoning
were assisted suicides, both in men and women.
In Switzerland euthanasia is prohibited, but article 115 of
the penal code rules that assistance in suicide is allowed if
no selfish interests are involved [5]. Proposed in 1918, the
article did not intend to regulate assisted suicide at the end
of life, but was concerned with suicides motivated by hon-
our and romance [8]. Today volunteers working for right-
to-die associations assist suicides in members requesting
such assistance based on this law. The physicians’ role is
restricted to assessing the decisional capacity of the person
requesting assistance, and to prescribing the lethal drug.
According to internal regulations of the right-to-die organ-
isations, but not according to the law, assistance is provided
Table 2: Rates of suicide per 100'000 person-years by different methods in the first time period (1991–1993), in the last time period (2006–2008); the relative annual
change and the p-value for time trend (from Poisson regression) by age group and sex.




















Poisoning* 4.30 1.62 0.93
(0.92–0.95)
<0.001 5.30 4.92 0.99
(0.98–1.00)
0.197 8.56 18.22 1.06
(1.04–1.07)
<0.001
Firearms 12.0 5.28 0.95
(0.94–0.96)
<0.001 14.74 7.38 0.96
(0.95–0.96)
<0.001 20.04 15.81 0.98
(0.97–0.99)
<0.001
Hanging 6.13 4.66 0.98
(0.97–0.99)
<0.001 9.82 8.81 0.99
(0.98–1.00)
0.046 17.28 11.35 0.97
(0.96–0.98)
<0.001
Jumping 2.64 2.66 1.00
(0.98–1.01)
0.691 2.65 2.60 1.00
(0.98–1.01)
0.841 7.13 4.61 0.98
(0.96–0.99)
0.021
Train 2.54 2.43 0.99
(0.97–1.01)
0.301 2.10 1.89 0.98
(0.97–0.99)
0.034 2.94 1.75 0.96
(0.93–0.99)
0.003
Other 1.57 1.27 0.98
(0.96–1.01)
0.191 3.61 2.64 0.98
(0.97–0.99)
0.004 7.38 3.31 0.94
(0.93–0.97)
<0.001
Any 29.18 17.91 0.97
(0.96–0.97)
<0.001 38.22 28.24 0.98
(0.98–0.98)




Poisoning* 1.92 1.84 0.99
(0.96–1.01)
0.259 4.11 4.68 1.01
(0.99–1.02)
0.314 5.06 17.16 1.09
(1.07–1.10)
<0.001
Firearms 0.61 0.28 0.96
(0.92–1.01)
0.085 0.91 0.34 0.94
(0.91–0.97)
<0.001 0.39 0.14 0.94
(0.88–1.01)
0.083
Hanging 1.48 1.88 1.00
(0.98–1.03)
0.704 2.77 1.96 0.98
(0.97–1.00)
0.012 3.33 2.04 0.97
(0.95–0.99)
0.008
Jumping 1.31 1.44 1.02
(0.99–1.05)
0.125 2.56 1.85 0.98
(0.97–0.99)
0.038 5.06 3.27 0.97
(0.95–0.99)
0.004
Train 1.38 1.72 1.00
(0.97–1.02)
0.778 1.55 1.55 0.99
(0.97–1.01)
0.492 0.94 0.57 0.95
(0.92–0.99)
0.013
Other 0.73 0.56 0.97
(0.94–1.01)
0.092 3.22 1.85 0.96
(0.94–0.97)
<0.001 5.67 3.55 0.96
(0.95–0.98)
<0.001
Any 7.43 7.72 1.00
(0.98–1.01)
0.404 15.13 12.22 0.98(0.98–0.99) <0.001 20.46 26.73 1.02
(1.01–1.03)
<0.001
CI = confidence interval
* Including suicides suspected (codes, 1998–2008) or reported (2003–2008) as assisted suicides
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only to members suffering from an incurable illness, intol-
erable suffering or a severe disability.
To the best of our knowledge, the Swiss National Cohort is
the only population-based cohort study of assisted suicide
worldwide [6]. Previous analyses of the cohort showed that
sociodemographic factors associated with assisted and un-
assisted suicide differed. For example, whereas individuals
with tertiary education had a lower risk of unassisted sui-
cide compared with people with primary education, they
were more likely to die by assisted suicide [6, 14]. Di-
vorced people, those living alone and those without reli-
gious affiliation had a higher rate of unassisted and assis-
ted suicide than the married, those living with others and
Protestants or Catholics [6, 14, 15]. Mental and behaviour-
al disorders were the most common underlying causes re-
corded on the death certificate of unassisted suicides, and
cancer was the most common condition among those who
died by assisted suicide [6, 14].
Comorbidities such as cancer and other debilitating chronic
diseases are risk factors both for assisted and unassisted
suicide [16] and one of the reasons for the increasing rate
of suicide with age [17–19]. Other risk factors for suicide
in later life are stressful life events and social isolation, but
also access to means [14, 18]. In countries where assis-
ted dying is legal the rates of assisted suicide also increase
with age [20]. In Switzerland about 85% of death certific-
ates of assisted suicides mentioned at least one underlying
cause, mainly cancer and nervous system causes [6]. In the
present study the substantial increase in assisted suicide in
older women, with a net increase in the rate of suicide over-
all in women, must be of concern. We have argued previ-
ously that further research is needed to clarify the reasons
for the tripling of rates in assisted suicides in women, and
the doubling of rates in men, and to what extent this dif-
ference might reflect greater vulnerability of women com-
pared with men [6]. A better understanding of the attitudes
and values of those choosing assisted suicide, the attitudes
and values of their families, and of access to palliative care
is required [6].
The observed decline in numbers of unassisted suicides is
in accordance with studies from other European countries
and the United States [2, 10]. One explanation for this de-
crease is an improvement in treatment of psychiatric con-
ditions [21], the most important risk factor for suicides.
Restriction of access to suicide means may have had an
impact [10, 22], for example, the introduction of catalytic
converters in cars [23]. In Switzerland the accelerated de-
cline in firearms suicide after the “ARMY XXI” reform
could explain the more pronounced decline of suicides in
younger men [24]. The soldiers of the Swiss military army
keep their firearms at home and, after completing their ser-
vice, many buy their ordnance weapons for a small fee.
Army-issued firearms are therefore widely available: about
half of Swiss households keep or own a firearm [24]. From
March 2003 through February 2004, the number of Swiss
soldiers was halved as a result of the reform, leading to a
decrease in the availability of guns. A recent analysis of
the trends in firearms suicides in men aged 18–43 years
1995–2008 concluded that this reduction was accompan-
ied by a drop in firearms suicide during the period from
2002 to 2005 [25]. Interestingly, there was some eviden-
ce of methods substitution, with about one fifth of the re-
duction in firearms suicide substituted by other methods
[26]. An association between suicide rates and unemploy-
ment and other economic indicators has also been reported
[22, 27, 28]. In Switzerland suicide rates declined even in
the early 1990s, despite increasing rates of unemployment
[29].
We relied on routine mortality statistics which are known to
underestimate the number of suicides: some suicides might
be coded as other causes. A recent systematic review of
studies of the reliability of suicide statistics concluded that
only few studies had been done, with under-reporting vary-
ing widely from less than 10% to over 30% of suicides
[30]. Misclassification of suicides may be less likely in
Switzerland because families and local authorities do not
receive a copy of the death certificate. Furthermore, death
registration is anonymous in Switzerland. A weakness of
our study is the lack of data on psychiatric morbidity and
the use of alcohol and other drugs. A systematic review of
psychological autopsy studies of suicide found that men-
tal disorders were present in about 90% of suicides [31],
but this literature has been criticised because psychological
autopsy may be unreliable [32, 33].
The World Health Organization (WHO) recommends a
multi-sectorial approach to suicide prevention, which in-
cludes measures to restrict access to means for suicide,
including pesticides, firearms and medications, early dia-
gnosis and treatment of depression and other psychiatric
conditions, and social support of vulnerable individuals and
the fight against stigma [3]. High-quality, patient-centred
palliative care services have been advocated to prevent as-
sisted suicides [34]. Of note, WHO stresses the importance
of surveillance to monitor the effect of prevention efforts
[3]. Today, the three main right-to-die organisations report
the suicides they assisted on a voluntary basis to the Feder-
al Statistical Office, but small organisations and physicians
who assist suicides without an organisation do not. We be-
lieve that in Switzerland and other countries where assisted
suicide is legal, rates of assisted suicide should be carefully
monitored, and that reporting of assisted suicides should be
compulsory, including data on patient characteristics and
underlying comorbidities [6].
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Figures (large format)
Figure 1
Time-trends of suicide rates in Switzerland by age group and sex, 1991–2008. In men there was a decline in all age groups (all p <0.001); in
women there was no change over time in the youngest age group (p = 0.40); a slight decline in the age group 35–64 years and an increase in
the oldest age group (both p <0.001).
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Figure 2
Time-trends of suicide rates by method in men; Switzerland 1991–2008.
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Figure 3
Time-trends of suicide rates by method in women; Switzerland 1991–2008.
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